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SYSTEM AND METHOD FOR PROVIDING BACK-LIGHTING 

TO A KEYPAD 

CROSS-REFERENCE TO RELATED APPLICATION 

The present Application is at least partly based on a Provisional Patent 
Application entitled PULSE WIDTH MULTIPLEXED BACKLIGHTING, Serial 
No. 60/065,306, filed November 13, 1997. 

BACKGROUND OF THE INVENTION 

Field of Invention: 

This invention relates to mobile communications devices and mobile 
computing devices. Specifically, the present invention relates to systems for 
providing backlighting to a keypad in a cellular flip telephone or personal 
digital assistant. 

Description of the Related Art: 

Mobile communications devices are used in a variety of demanding 
applications ranging from hand-held global positioning system (GPS) devices to 
cellular telephones and personal digital assistants (PDAs). Such devices must 
often be lightweight, energy-efficient, durable, cost-effective, and user-friendly. 

These features are particularly important in PDAs and cellular 
telephones. A PDA such as a Palm Pilot ™ or other palm-top computer 
typically includes a processor running software such as Windows CE®, a 
keypad for user interface with the software, and a large liquid crystal display 
(LCD) screen mounted on a chassis or body. In many PDAs, the keypad is 
located on the inside surface of a lid often referred to as a 'flip'. The flip is 
connected to the PDA body via a hinge mechanism so that when the flip is 
folded shut, the screen and the keypad are protected. 

Typically, the hinge mechanism includes a flex circuit comprising 
flexible wire for routing signals across the hinge. Unfortunately, flex circuits 
readily fatigue and are difficult to route. This decreases the durability of the 
PDAs in which they are employed. 
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Often keypad backlighting is provided while the PDA receives user- 
input from the keypad. Typically, this requires a first flexible wire for 
providing power to several light emitting diodes (LEDs) in response to a control 
signal from a processor. The control signal is generated in response to user- 

5 input from the keypad. The processor reads user-input from the keypad via a 
second flexible wire. A third flexible wire provides a ground connection from 
the keypad to the PDA body. The use of three wires is inefficient and increases 
the probability of flex circuit fatigue. 

Many PDA users also carry cellular telephones. Currently, to 

10 accommodate such users, many companies are integrating cellular telephones 
into their PDAs. To integrate a cellular telephone within a PDA, the PDA is 
typically equipped with a microphone, a cellular modem, a touch pad display 
screen, and a communications software package. When activated, the software 
displays a dialer interface on the touch pad screen that mimics the keypad on a 

15 typical cellular telephone. Unfortunately, activation of the software often 
requires extensive user knowledge and familiarity with the PDA and 
accompanying communications software package. As a result, such integrated 
devices are often not user friendly. 

Hence, a need exists in the art for a user-friendly mechanism for making 

20 telephone calls with a PDA having an integrated cellular telephone. There 
exists a further need for a durable, cost effective, and space-efficient system and 
method to connect a keypad to its corresponding PDA body that can provide 
keypad backlighting and keypad reading functions over a single connection 
simultaneously. 

25 

SUMMARY OF THE INVENTION 

The need in the art is addressed by the system for providing backlighting 
to a keypad of the present invention. The inventive system provides a first 

30 signal to a flip circuit and receives a second signal from the flip circuit over an 
electrical path. A first circuit provides the first signal to the flip circuit via the 
electrical path. The first signal has alternating first and second states. The flip 
circuit generates a second signal which is received by a third circuit via the 
electrical path. The second signal is received during the second state of the first 

35 signal. 
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In a more specific embodiment, the first and second states are 
continuously alternating states. The first signal provides power to the flip 
circuit when the first signal is in the first state. The first circuit further includes 
a signal generator for adjusting a duty cycle of the first signal. The signal 
generator includes a voltage source, a switching circuit connected to the voltage 
source, and a control circuit connected to the switching circuit. The control 
circuit causes the switching circuit to output the first signal having first and 
second states at the duty cycle. The switching circuit includes a transistor 
having a control terminal connected to the control circuit. One terminal is 
connected to the voltage source and another terminal is connected to the 
electrical path. 

In the illustrative embodiment, the flip circuit includes a keypad and at 
least one light source for illuminating the keypad. The light source is powered 
by the first signal during the first state thereof. The second signal is generated 
by the keypad during the second state of the first signal. The keypad includes a 
plurality of resistive elements connected in a resistive ladder network, each 
resistive element corresponding to a respective key of the keypad. The system 
further includes a computer for processing the second signal. 

The inventive system provides input from a keypad and provides 
lighting to the keypad over an electrical connection and includes a key detection 
circuit for sensing a signal over the electrical connection indicative of a key 
pressed on the keypad. A lighting circuit lights the keypad via the electrical 
connection. A multiplexing circuit selectively activates the lighting circuit and 
the key detection circuit at a predetermined rate. The predetermined rate is 
sufficient to make the lighting circuit and the keypad detection circuit appear to 
be activated simultaneously to a user of the keypad. 

The inventive system may be implemented in a unique mobile 
communications device that includes a transceiver positioned within a personal 
digital assistant body. An onboard computer and accompanying analog-to- 
digital converter process signals transmitted and received by the transceiver. 
Input signals are provided by a user via a keypad. Pin contacts connect the flip 
circuit to the personal digital assistant body and accompanying circuits. 

A timer, a multiplexing circuit, and the computer facilitate the 
implementation of first and second functions between the flip circuit and the 
PDA circuits via the pin contacts so that the first function and the second 
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function appear to a user to be implemented simultaneously. In the illustrative 
embodiment, the first function is a lighting function to provide backlighting to 
the keypad while the second function is a keypad reading function for enabling 
the computer to read user-input from the keypad. The keypad is positioned on 

5 an exterior portion of a flip that houses the flip circuit. The PDA houses the 
computer, transceiver, and multiplexing circuit and has a hinge that physically 
connects the flip to the body. 

The unique design of the present invention is facilitated by the use of a 
single pin contact plus a ground pin contact in place of three or more 

10 contacts /wires to perform these two functions. This results in a more durable 
device. The use of the two pin contacts is enabled via the unique multiplexing 
circuit of the present invention that provides for the apparent simultaneous 
keypad backlighting and keypad reading of user-input. In the present 
invention, the electrical connection between the PDA body and keypad includes 

15 an electrical path for ground and an electrical path for power and /or signal 
information. Furthermore, positioning the keypad on an exterior portion of the 
flip provides for an easily recognized and user-friendly user-interface to the 
cellular telephone. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a front view of a personal digital assistant (PDA) incorporating a 
cellular telephone constructed in accordance with the teachings of the present 
25 invention. 

Fig. 2 is a front view of the PDA of Fig. 1 when a flip portion of the PDA 
is closed. 

Fig. 3 is a side view of the PDA of Fig. 1. 

Fig. 4 is a more detailed diagram of the flip of the PDA of Fig. 1. 
30 Fig. 5 is a diagram of a circuit adapted for use with the PDA of Fig. 1. 

Fig. 6 is a graph of a signal output from the timer of the PDA of Fig. 5 
having a 50% duty cycle. 
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DESCRIPTION OF THE INVENTION 

While the present invention is described herein with reference to 
illustrative embodiments for particular applications, it should be understood 

5 that the invention is not limited thereto. Those having ordinary skill in the art 
and access to the teachings provided herein will recognize additional 
modifications, applications, and embodiments within the scope thereof and 
additional fields in which the present invention would be of significant utility. 

Fig. 1 is a front view of a PDA 10 incorporating a cellular telephone 

10 constructed in accordance with the teachings of the present invention. The 
PDA 10 includes a large liquid crystal display (LCD) 12 located on a front face 
14 of a body 16 of the PDA 10. In the illustrative embodiment, the LCD 12 is 
approximately centered on the front face 14 of the body 16 and covers 
approximately 54% of the surface area of the front face 14. PDA buttons 18 are 

15 positioned on the front face 14 directly below the LCD 12. A flip 20 is 
connected at the bottom of the front face 14 of the PDA 10 via a flip hinge 22. A 
first electrical pin contact 24 and a second electrical pin contact 26 are located on 
an interior surface 28 of the flip 20. A first spring-loaded pogo pin 30 and a 
second spring-loaded pogo pin 32 are positioned on the front face 14 near the 

20 flip hinge 22. A microphone 36 is positioned near the bottom of the PDA body 
16. A speaker 38 is positioned near the top of the PDA body 16. 

As is discussed more fully below, a cellular phone dialing keypad is 
positioned on an exterior surface of the flip 20. In addition, the PDA 10 
includes an antenna 34 that is connected to a transceiver that is connected to a 

25 PDA computer in the PDA body 16. 

The flip 20 is closed by folding the flip 20 about the hinge 22 so that the 
interior surface 28 of the flip 20 faces the keys 18 and the LCD 12 on the front 
surface 14 of the PDA 10. When the flip 20 is closed, the first pin contact 24 and 
the second pin contact 26 make electrical contact with the first spring-loaded 

30 pogo pin 30 and the second spring-loaded pogo pin 32, respectively. In 
addition, when the flip 20 is closed, the keys 18 and a lower portion of the LCD 
12 are protected. 

When the flip 20 is closed and the first and second pogo pins 30 and 32, 
make electrical contact with the first and second pin contacts 24 and 26, 
35 respectively, communications software running on a PDA computer (as 
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discussed more fully below) is activated. A keypad located on an exterior 
portion of the flip 20 acts as a typical cellular telephone keypad, thereby 
providing an easily recognized cellular telephone user interface. The buttons 18 
on the front face 14 of the PDA body 16 allow for user-input to the PDA 

5 computer when the flip 20 is open. 

Fig. 2 is a front view of the PDA 10 of Fig. 1 with the flip 20 closed. 
When the flip 20 is closed, an exterior surface 40 is exposed. A cellular 
telephone keypad 42 is built into the exterior surface 40. The microphone 36 is 
positioned near the bottom of the PDA body 16 for receiving voice input to the 

10 PDA computer and/or transceiver system (as discussed more fully below). The 
flip 20 is designed so that the microphone 36 is exposed when the flip 20 is 
closed. 

When the flip 20 is closed, a portion of the LCD 12 is exposed, which acts 
as a cellular telephone display. When the flip 20 is closed, the PDA 10 
15 resembles a cellular telephone and performs similar functions as a cellular 
telephone. Hence, the PDA 10 provides a user-friendly, and easily recognized 
cellular telephone user interface. 

Fig. 3 is a side view of the PDA 10 of Fig. 1 illustrating how the flip 20 
folds open about the hinge 22. In the illustrative embodiment, the PDA 10 
20 functions as a PDA when the flip 20 is open. 

Fig. 4 is a more detailed diagram of the flip 20 of the PDA 10 of Fig. 1. 
The cellular telephone keypad 42 is shown positioned on the exterior surface 40 
of the flip 20. With reference to Figs. 3 and 4, a gap 46 near the hinge 22 is sized 
so that when the flip 20 is closed, the microphone 36 on the PDA body 16 is 
25 exposed. 

Fig. 5 is a diagram of a PDA circuit 50 adapted for use with the PDA 10 
of Fig. 1 and allowing for backlighting of the keypad 42 while receiving user- 
input from the keypad 42. On the flip 20, the PDA circuit 50 includes, from left 
to right, the keypad 42 connected to a lighting circuit 52, and the first and 

30 second pin contacts 24 and 26, respectively. On the PDA body 16, the PDA 
circuit 50 includes, from left to right, the first and second spring-loaded pogo 
pins 30 and 32, respectively, and a multiplexing circuit 54. The multiplexing 
circuit 54 is connected to a PDA computer 56 that is connected to the speaker 38, 
the microphone 36, and a transceiver 58 that is in communication with the 

35 antenna 34. 
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The multiplexing circuit 54 includes a first resistor Rl connected at one 
end to a high voltage source (V s ) 62 and at the other end to the first pogo pin 30 
which is also connected to one end of a first capacitor CI and one end of a 
fourth resistor R4. The high voltage source 62 is also connected to one end of a 

5 second resistor R2, the other end of which is connected to the base of a PNP 
transistor 66. The emitter of the PNP transistor 66 is connected to the high 
voltage source 62. The collector of the PNP transistor 66 is connected to the first 
pogo pin 30. The base of the PNP transistor 66 is also connected to one end of a 
third resistor R3, the other end of which is connected to an output of a 

10 programmable timer 64 that is connected to the PDA computer 56. One end of 
the fourth resistor R4 is connected to the first pogo pin 30 where the collector of 
the PNP transistor 66, the first resistor Rl, and one end of the first capacitor CI 
are connected. The other end of the fourth resistor R4 is connected to an input 
of an analog-to-digital converter (ADC) 68 and to one end of a second capacitor 

15 C2. The other end of the first capacitor CI and the other end of the second 
capacitor C2 are connected to the second pogo pin 32, and are connected to 
ground. The ADC 68 is also connected to the PDA computer 56. 

Those skilled in the art will appreciate that the multiplexing circuit 54 
may be easily implemented without the PNP transistor 66, i.e., the PNP 

20 transistor 66 may be replaced with another switching device such as an NPN 
transistor without departing from the scope of the present invention. In 
addition, those skilled in the art can easily construct the software running on 
the PDA computer 56. 

The pin contacts 24 and 26, together with the pogo pins 30 and 32 form a 

25 single throw double pole switch that electrically connects the keypad 42 and the 
lighting circuit 52 to the multiplexing circuit 54 when the flip 20 is closed. The 
second pin contact 26 is grounded via the second pogo pin 32 when the flip 20 
is closed. The pin contact provided for ground may be omitted without 
departing from the scope of the present invention. For example, the ground 

30 connection may be provided internally on the flip rather than on the personal 
digital assistant body. 

In operation, software running on the computer 56 sets the frequency of 
the timer 64 to a predetermined frequency. In the present specific embodiment, 
the predetermined frequency is greater than or equal to 60 Hz to minimize the 

35 appearance of flicker in the lighting circuit 52. The timer 64 is a signal 
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generator, which may also be considered a frequency generator, that generates 
a square wave voltage output signal that, in the present embodiment, has 
approximately a 50% duty cycle. The duty cycle of a square wave signal having 
square or rectangular pulses is the ratio of the width of a pulse in the signal to 
the period (the reciprocal of the frequency) of the signal expressed as a 
percentage as is discussed more fully below. 

The low voltage state of the square wave signal is sufficient to turn on 
the PNP transistor 66 through the third resistor R3 connected to the base of the 
PNP transistor 66. When the PNP transistor 66 is on, current flows from the 
high voltage source 62 through the PNP transistor 66 to the first pogo-pin 30. 
Hence, the voltage at the first pogo pin 30 is V s minus the voltage drop (V EC ) 
between the emitter and collector of the PNP transistor 66 when the voltage 
state of the square wave output from the programmable timer 64 is in the low 
state. The voltage state (V s - V EC ) on the first pogo pin 30 is high. The high 
voltage state is (V s - V EC ). 

The values of R2 and R3 are picked so that when the square wave output 
of the timer 64 is in the high state, the PNP transistor 66 is off, and 
approximately no current flows through the PNP transistor 66 between the 
emitter and collector. The voltage at the first pogo pin 30 is then V s minus the 
voltage (V R1 ) drop across the first resistor Rl. The value of Rl is relatively large 
so that when the square wave is in the high state, the voltage state at the first 
pogo pin 30 is low. The low state is approximately zero volts as voltage 
remaining at the first pogo pin 30 drains through the resistors R5 and R6 to 
ground. 

The values of the first capacitor CI and the second capacitor C2 are set so 
that the capacitors remove any undesirable alternating current components in 
the signals transferred along the first pogo pin 30 and to the ADC 68. The 
voltage V s is approximately 3.3 volts but may vary from application to 
application. 

When the voltage state of the pogo pin 30 high and the flip 20 is closed, 
the high voltage state is transferred to the pin contact 24 connected to the 
lighting circuit 52. The lighting circuit 52 is activated in response to the high 
state on the pin contact 24. The lighting circuit 52 includes five resistors 70 
connected at the pin contact. The opposite ends of the parallel resistors are 
connected to five light emitting diode (LED) circuits 72. Each LED circuit 72, in 
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the present embodiment, includes three LEDs with a common anode and a 
common cathode. Each common anode is connected to one of the five parallel 
resistors 70. The common cathodes of the LED circuits 72 are connected to a 
common node 74. The node 74 is connected to the collector of a first NPN 

5 transistor 76 and to the collector of a second NPN transistor 78. The base of the 
second NPN transistor 78 is connected to the emitter of the first NPN transistor 
76. The emitter of the second NPN transistor 78 is connected to the second pin 
contact 26 that represents a ground connection when the flip 20 is closed. The 
base of the first NPN transistor 76 is connected to one end of a fifth resistor R5 

10 and to one end of a sixth resistor R6. The other end of the fifth resistor R5 is 
connected to the first pin contact 24. The other end of the sixth resistor R6 is 
connected to the second pin contact 26. 

When the node corresponding to the first pin contact 24 is in the high 
voltage state the LEDs in the LED circuits 72 turn on. In addition, first NPN 

15 transistor 76 and the second NPN transistor turn on. Current flows from the 
high voltage state at the first pin contact 24 through the parallel resistors 70, 
through the LED circuits 72 and through the second NPN transistor 78. The 
LEDs in the LED circuits 72 light up, providing backlighting to the keypad 42, 
which is implemented via a resistor ladder network. The lighting circuit 52 is 

20 de-activated while the first pin contact 24 is in the low voltage state wherein 
the NPN transistors 76 and 78 are off and the LED circuits 72 are off. 

The values of the parallel resistors 70, the fifth resistor R5 and the sixth 
resistor R6 are chosen to minimize the power consumption of the lighting 
circuit 52 while providing sufficient backlighting to the keypad 42 in the high 

25 state to suit a particular application. The backlighting is off in the low state. 

When the node corresponding to the first pin contact 24 is in the low 
voltage state and the flip 20 is closed, the keypad 42 is activated. The keypad 42 
includes a plurality of keys 80, each connected at one end to the node 
corresponding to the pin contact 24. The keys 80 are connected at the other end 

30 to resistor ladder resistors 82 that are connected in series. The keys 80 are 
implemented as switches. When a given key 82 pressed, the electrical resistance 
between the first pin contact 24 and the second pin contact 26 changes to a 
unique value based on the number and resistances of the resistors 82 between 
the key being pressed and the second pin contact 26. The unique resistance 

35 provides a unique voltage at the first pin contact 24 representative of the 
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specific key being pressed. Similarly, if no key is pressed, the voltage at the first 
pin contact 24 is a unique voltage based on the voltage drop across the first 
resistor Rl, the fifth resistor R5, and the sixth resistor R6. The voltage during 
the low voltage state at the first pin contact 24 varies depending on which key 

5 was pressed. The keypad is de-activated while the first pin contact 24 is in the 
high voltage state. This is because, when the first pin contact 24 is in the high 
voltage state, a changing of the electrical resistance of the keypad 42 when a key 
is pressed will not adequately modulate the voltage at the first pin contact 24, 
but instead will modulate current. This is because the voltage at the first pin 

10 contact 24 is effectively tied to the high voltage source (Vs) 62 through the PNP 
transistor 66 when the first pin contact 24 is in the high voltage state. Pressing a 
key on the keypad 42 will not significantly change the high voltage state, but 
will cause a variation in the current (I) in accordance with the relation I = (Vs- 
V EC )/R, where V EC is the voltage drop across the PNP transistor 66 and R is the 

15 resistance between the first pin contact 24 and the second pin contact 26 
associated with the pressing of a given key on the keypad 42. 

Those skilled in the art will appreciate that the keypad 42 may be 
replaced by another type of keypad such as a keypad with a different type of 
resistor ladder without departing from the scope of the present invention. 

20 The unique voltage is transferred to the ADC 68 on the PDA body 16 via 

the fourth resistor R4 and the first pogo pin 30 where it is converted to a digital 
signal readable by the PDA computer 56. The computer 56 determines if any 
key was pressed on the keypad 42 and which key was pressed if a key was 
pressed, by reading the digital signal. 

25 The lighting circuit 52 and the keypad 42 are selectively activated in sync 

with the output of the timer 64 when the flip 20 is closed. When the output of 
the timer 64 is in the low state, the PNP transistor 66 turns on and the pin 
contact 24 maintains a high voltage state that activates the lighting circuit 52. 
The activated lighting circuit 52 provides backlighting to the keypad 42. 

30 Similarly, when the output of the timer is in the high voltage state, the PNP 
transistor 66 is off, and the pin contact 24 is in low voltage state. The keypad 42 
is activated. The low voltage state at the first pin contact 24 facilitates the 
establishment of a unique voltage via the resistors 82 at the first pin contact 24 
that is different for each key 80 that is pressed. 
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The PDA computer 56 sets the frequency of the timer 64 so that the rate 
at which the lighting circuit 52 and the keypad 42 are alternately activated is 
sufficiently high to effectively backlight the keypad 42 without flicker while 
enabling the reading of user-input from the keypad 42 by the computer 56. 

5 When the output of the timer 64 is approximately 60 Hz or greater, the keypad 
42 appears to be activated simultaneously with the lighting circuit 52. 
However, those skilled in the art will appreciate that lower or higher 
frequencies may be used for this purpose without departing from the scope of 
the present invention. 

10 The PDA computer 56 runs software that is easily constructed by those 

ordinarily skilled in the art to read the output of the ADC 68 when the output of 
the timer 64 is in the high state, i.e., when the pin contact 24 is in the low state, 
the keypad 42 is activated and the lighting circuit 52 is de-activated. 

The PDA computer 56 also receives microphone input 36 such as voice. 

15 The voice may then be directed to the transceiver 58 for transmission to another 
cellular telephone user. Similarly, another cellular telephone user can broadcast 
signals that are received via the transceiver 58 and relayed to the speaker via 
the computer 56 or other circuitry (not shown). 

Fig. 6 is a graph 90 of a square wave signal 92 output from the timer 64 of 

20 the PDA 50 of Fig. 5 having a 50% duty cycle. The square wave signal 92 has a 
high state 94 and a low state 96. The ratio of the pulse width W to the period T 
of the square wave signal 92 is the duty cycle of the signal and is 50% in the 
illustrative embodiment. The pulse width W corresponds to the time duration 
in which the square wave signal 92 is in the high state 94. 

25 With reference to Figs. 5 and 6, when the square wave signal 92 is in the 

high state 94, the keypad 42 is read via the ADC 68 and the PDA computer 56. 
When the square wave signal 92 is in the low state 96, the keypad 42 is backlit 
via the voltage source (Vs) 62. 

Thus, the present invention has been described herein with reference to a 

30 particular embodiment for a particular application. Those having ordinary skill 
in the art and access to the present teachings will recognize additional 
modifications, applications and embodiments within the scope thereof. 
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It is therefore intended by the appended claims to cover any and all such 
applications, modifications and embodiments within the scope of the present 
invention. 

Accordingly, 



WHAT IS CLAIMED IS: 



